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ABSTRACT
An original technic, developed for continuous, controlled 
forced-feeding of liquid diets to day-old chicks, consisted of 
(l) connecting a flask containing diet to the chick by a plastic 
tube inserted into the crop and sutured in place and (.?) using a 
variable-speed peristaltic pump to force sterile diet through the 
tube.
Using this technic and liquid diets of varying molal 
concentrations (hence, osmotic pressures) fed at constant solids- 
intakes, the iso-osmotic concentration, giving greatest chick sur­
vival time, was approximately 0.35 molal.
Livability ( ^72-hours survival) was obtained in the range 
of 3^0.29 to 6 0 . 6 0  molal concentration with a solids-intake of
0.22 gm. per chick per hour but was not obtained at solids-intakes 
^•0.27 gm. per chick per hour, regardless of the molal concentra­
tion.
Early death with presumed hyper-osmotic diets ( ^  0.35 
molal) was associated with these symptoms: lethargy, fluid accumu­
lation in the digestive tract, emaciation, dehydration and thirst. 
Forced-feeding of such diets caused dehydration of critical tissues - 
such as the heart, blood and brain - unless prevented by depletion 
of labile, non-critical water reserves - such as the skin and skeletal 
muscle.
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TSarly death with presumed hypo-osmotic diets (410.35 
molal) was associated with a loss of muscular control, drooping 
head and prostration. Forced-feeding such diets caused a depletion 
of tissue solutes, such as sodium ion, resulting from the excessive 
quantity of water required to be cleared by the kidneys and the 
failure of efficient tubular reabsorption. Critical water-intake 
was ^5*3 gm. per chick per hour.
The forced-feeding of chemically-characterized liquid 
diets represents a potentially-valuable tool in poultry nutrition 
research provided the dietary osmotic pressure (a function of both 




It is generally recognized that purified and synthetic 
diets have played an important role in revealing the simplest 
chemical compounds and elements involved in animal nutrition. 
Nutritionists have long sought a mixture of pure chemicals which 
would qualitatively and quantitatively nourish an animal. In this 
search, it became generally recognized that nutritional adequacy 
and palatabilitv are inextricably interrelated when ad-libitum 
feeding is used. This led to the development of several technics 
designed to obtain comparable intakes of experimental diets.
One such technic is paired-feeding in which two groups 
of animals receive equal feed intakes by giving daily allowances 
according to the ad-libitum intake in the poorest-eating group. 
Another is spaced-feeding, where animals are trained to consume 
their daily feed allowance in a short period, usually two hours, 
causing the animals to voraciously consume all feed placed in front 
of them from force of habit. A third technic is forced-feeding 
in which tablets, pellets, slurries or solutions of the diets are 
auantitatively placed into the digestive tract of individual animals.
These technics also facilitate quantitative expressions 
based on the constant and reproducible intakes. Furthermore, they 
prevent the compensatory reduction in feed intake which minimizes
1
metabolic defects resulting when inadequate or imbalanced diets 
are fed ad-libitum.
These technics, in conjunction with many others, have been 
useful in advancing nutritional knowledge to the point where it is 
now possible to obtain growth, reproduction and lactation in animals 
fed completely chemically-characterized diets. This was demon­
strated by the development at the National Institutes of Health 
(Greenst.ein, et al.. 157) of a completely chemically-characterized 
liquid diet adequate for the ad-libitum feeding of rats. This diet 
consisted of a mixture of amino acids, mineral salts, water-soluble 
vitamins, and glucose dissolved in water to give 50 per cent solids. 
Fat-soluble vitamins-and essential fatty acids were periodically 
forced-fed as a separate solution. Comparisons of various amino 
acid mixtures which contained (l) varying proportions of "essential" 
and "non-essential" amino acids and (2) "non-essential" mixtures 
patterned after casein, ovalbumin or animal muscle, and (3) varying 
proportions of L- and DL-isomers, led to the development of N.I.H. 
Diet No. 26. The diet solids contained roughly 20 per cent amino 
acids and 80 per cent glucose equivalent to 4 Kca.1. of gross energy 
per gm. Weanling rats readily consumed the liquid diet with no 
special training. The animals grew at a rate of over 4 gm. per day 
and, at maturity, the animals were mated and produced satisfactory 
litters which were nursed to weaning.
The major attraction of the chemically-characterized liquid 
diet was the possibility of easily adapting it to quantitative, 
mechanical forced-feeding in the chick.
VAhe presence in the chick of the crop, a pouch-like 
enlargement on the right side of the esophagus just outside the 
body cavity, makes this possible. -A permanently-mounted tube or 
catheter inserted through the skin into the crop could serve to 
introduce the liquid into the animal. An appropriate means could 
then be found to quantitatively force the liquid into the chick.
In this respect, a liquid would have advantages over a solid or 
semi-solid in that it could be administered mechanically at a con­
trolled, continuous rate.
The only known attempt to use liquid diets in chicks is 
that of Fell ('59), who forced-fed the N.I.H. Diet No. 26, and 
various modifications thereof, to day-old chicks but failed to get 
livability for an undetermined cause. He used intermittent, manual 
injection per os; the infrequent introduction of relatively large 
quantities of diet could possibly have been related to his failure. 
With the introduction of large quantities of readily available nu­
trients, the metabolism of the chick could be overtaxed to the 
extent of causing death. Also, nutrient balance is probably highly 
important in such a diet; Fell demonstrated, in a rather unconvincing 
manner, that some undetermined defect (which could be balance) in his 
amino acid mixture was responsible. His demonstration involved a 
combination of both ad-libitum and forced-feeding as well as combina­
tions of both natural materials and chemically-characterised mixtures. 
Even if his incrimination of amino acids were correct, there ap­
peared to be ample opportunity for improving his amino acid mixture, 
based on the National Research Council Requirements released in
1954, by adapting those in successful dry-type, free-amino-acid 
diets reported in the literature (Fisher and Johnson, '57, Klain, 
et al.. '57). It was believed, therefore, that the possible causes 
for his failure could be overcome by an improved forced-feeding 
technic and/or modifications in the nutrient balance of the diet.
The objectives of the research reported in this thesis were
1. To develop a technic for the controlled, continuous 
forced-feeding of liquid diets to day-old chicks.
2. To forced-feed, by the above technic, N.I.H. Diet No.
26 and to modify it, as necessary to get livability, 
growth and efficiency equal to or greater than that 
possible with natural diets.
EXPERIMENTAL DETAILS
Part I. The Development of a Continuous Controlled Forced-feeding 
Technic For Day-old Chicks
The research on development of a continuous, controlled
forced-feeding method for administering liquid diets to day-old 
chicks involved: (A) a method for the insertion and secure attach­
ment of a tube into the chick's crop, (B) a way to house the chicks 
individually with restriction of movement, (C) a means of forcing 
controlled quantities of liquid diet through the tube into the crop, 
and (D) a container for diet storage under sterile conditions.
Each of these aspects will be discussed in detail.
A. Tube insertion
The area of the crop was cleared of down with a pair of 
small curved surgical scissors. A small Tygon tube (l/32" O.D., 
l/32" wall), called the inflation-tube, was inserted orally into 
the chick's esophagus down to the region of the cropj this enabled 
one to make the crop taut by blowing on the external end of the 
tubing. All manipulations require that the crop be thoroughly in­
flated for satisfactory results. Next, a small area of the skin 
covering the crop was removed to expose the crop wall. The wall of 
the crop was then carefully punctured with the sharpened tip of a 
small surgical forceps. The end of another piece of small Tygon
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tubing approximately one foot in length> called the diet-tubing, 
was inserted through the exposed puncture into the digestive tract 
a distance of approximately 3/4". Once inside the crop, the diet- 
tube was carefully worked into the esophageal lumen while rotating 
the tube between the fingertips.
Prior to beginning the operation, a suture thread (Mer­
cerized Sewing Cotton ii50) approximately 12" long was attached at 
its mid-point by a clove-hitch to the diet-tube at a distance approxi­
mately 3/4" from the end. The two free suture ends, each approxi­
mately 6" long, were used for suturing the diet-tube to the skin 
surrounding the insertion area by a modified purse-string suture.
This sealed the crop opening and prevented leakage when tied with 
proper tension. Proper tension was also necessary to avoid sloughing 
of the area. This procedure is illustrated in Figures 1 through 4.
Only negligible stress was placed on the chick by the tube 
insertion described above; seldom was mortality traced directly to 
the surgical procedure.
Very little trouble was experienced with failure of the 
diet-tube to remain in its sutured position. Hindrance of circu­
lation in the sutured area of the crop was not observed, and no 
sloughing of the tissue occurred. It should be noted that the 
72-hour experimental period may not have been sufficient time for 
ill-effects to appear. Longer time periods may require modifications 
in the suturing technic.
Figure 1. Removal of a Small Portion of Skin from Inflated Crop Prior to Puncturing for Insertion 
of Diet-tubing.
Figure 2. Functuring the Inflated Crop to Allow Insertion of Diet-tubing.
oo■
Figure 3. Insertion of Diet-tubing Into the inflated Crop with Suturing Thread Attached




B. Gages And Brooder
It is necessary to partially immobilize the chick to con­
tinuously forced-feed the liquid diet mechanically. This problem 
was solved by placing each bird in a small individual wire cage.
The multiunit chick container was of rectangular construc­
tion partitioned to give individual cages. The overall dimensions 
of the multiunit container were 48" in length, 8" in width and 11"
in height. Each individual cage had the dimensions of 6" X 8" X 11".
These individual cages supplied sufficient area for movement of each 
chick, yet restricted the movement sufficiently to allow the joining 
of the diet-tube to the mechanical device used for continuous forced- 
feeding.
The multiunit chick container was housed in a custom 
brooder made from a Jamesway 2940 Incubator. (See Figure 5).
The incubator was placed on its' side; the hatching trays were re­
moved and the air velocity reduced by removing fins from the circu­
lating fan. The dimensions of the experimental chamber of the brooder 
were 50" in length, 30" in width and 28" in height. It was equipped 
with a thermostatically-controlled heating system and two overhead 
white 40-watt fluorescent lights.
During the experimental period, the lights were kept on
continuously and the temperature controlled at 95.0° F.
G. Continuous. Controlled Diet Administration.
The problem centered around a method to economically and 
simply administer diet at a continuous minimum rate of about 1 gm.
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Figure 5. Complete Apparatus Used in Continuous Controlled 
Forced-feeding of Liquid Diet to Day-old Chicks,
per hour through the diet-tube attached to the chick.
The first system employed consisted of a 50 ml. acid- 
burette to contain the liquid diet. The distal end of the diet- 
tubing was connected to the burette tip; atmospheric pressure was 
employed. The rate of delivery with the burette stopcock was ad­
justed so as to continuously deliver the desired quantity of diet. 
However, when this system was put into operation, it was observed 
that flow was erratic and would cease before the d elivery of an ap­
preciable amount of the available diet. The failure to obtain flow 
was traced to particle occlusion of the small opening in the stop­
cock. The efforts to obtain constant gravity flow, or constant flow 
under high pressure, failed despite rigorous efforts to prevent 
particle formation.
From the above experiences, it was concluded that a system 
had to be devised which contained no small openings. The logical 
choice was a peristaltic pump. This device would contain no valves 
and with the proper speed controls would give a slow continuous ad­
ministration. The main question was whether one could be obtained 
which would reproducibly deliver the minimum desired quantity of 
1 gm. of diet per hour.
A. custom-made Sigmamotor pump unit was obtained (See 
Figure 5). It consisted of a double-shaft open motor, each shaft 
having its own speed control and a special 10-to-l reduction gear 
arrangement for driving a TM-11 head. Each TM-11 head (total of 
two) was drilled for four l/32" I.D. X 1/32" wall (or l/l6" I.D. X 
l/l6" wall) tubes giving a total of 8 separate tubes for individual 
forced-feeding.
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Four tubes per head were the maximum number which could 
satisfactorily be used in regard to rate control. Since each TM-11 
head had its own speed control, (see Figure 6), it was possible to 
control separately the diet received by two groups of 4 chicks.
Each head had a variable, capacity of 1 to 30 gm* of diet 
per hour per tube when using 1/32" I.D. X 1/32" wall tubing and a
capacity of 30 to 100 gm. of diet per hour per tube when using
1/16" X 1/16" wall tubing.
The pump operation may be described as follows: Each tube
in the TM-11 head passes between a fixed, spring-loaded plate and a 
series of twelve cam-operated fingers which press against the flexible 
tubing in sequence and impart a. positive unidirectional mo.’ ement to 
the fluid within the tube. Rates of flow depend on the speed of the 
finger movements, the inside dimensions of the tubing, and the size
of the opening in the external connections of the tubing. The cycle
of finger movements is timed so that the tubing lumen is always 
tightly closed at some position; this eliminated the need for check 
valves.
Pumping pressures and attainable vacuums depend to a large 
degree on the type of tubing used. Normally, the pump will deliver 
up to 20 p.s.i. pressure and can maintain vacuums up to 25" of mercury.
The problem of occlusion in the system was completely 
eliminated by the peristaltic pump. No valves were present in' the 
system and the only surfaces contacted by the liquid diet were those 
of the Pyrex diet-flasks, the stainless-steel needle-shafts at the 
tubing junctions, and the relatively inert Tygon tubing. The Tygon
tubing led directly from the diet-flasks, went through the peris­
taltic pump and terminated in the proventriculus of the chick.
Each experiment involved a total of eight chicks; this 
number was the maximum allowed because of the peristaltic pump.
As mentioned previously, the pump unit contained two TM-11 heads 
and each TM-11 head would pump accurately only 4 individual Tygon 
tubes. The speed control on each head could be individually adjusted 
to give varying rates of diet as desired. Thus two possible arrange­
ments insofar as rate of administration were possible: l) All 8
chicks could receive the same quantity of diet by regulating the 
speed-controls on each TM-11 head to pump equal quantities of diet 
to the two groups of four chicks each. This arrangement could be 
utilized to forced-feed the same diet to 8 chicks or different diets 
to 2 groups of four chicks each. 2) By regulating the speed con- 
trols, the 2 groups of 4 chicks each could receive unequal intakes 
of the same or different diets.
Continuous solids-intake could be controlled within 
±0.025 gm* per tube per hour with the above-described system.
Since each chick had its own individual diet-flask attached 
to one of the 8 Tygon tubes going through the pump, the diet intake 
of each chick could be measured by detaching the diet-flask from 
the tube going through the pump and weighing it on a Mettler Gram-0-
•fMntic balance to within - 0.1 gm.
D, The Dict-Flasks and Diet Sterilization
The diet-flasks were modified 150 ml. Erlenmeyer flasks 
(See Figure 6). A piece of Pyrex tubing (0.5" long) was attached to
Figure 6. Sterile Diet-flasks, Diet-tubing, TM-11 Pump Head, and Speed Control Unit Utilized in the 
Continuous Controlled Forced-feeding of Liquid Diets to Day-old Chicks.
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the side near the bottom of each flask. This side-arm was closed 
with a serum rubber stopper which had a depression in the central 
area to within 1 mm. of the top; this permitted the easy insertion 
of a needle-shaft. Tygon-tubing was attached to the needle-shaft; 
the free end passed through the peristaltic pump and terminated at 
a second junction with the diet-tube. The diet-tube was connected 
directly to the chick as discussed previously.
The N.I.H. liquid diet containing 50 per cent solids, em­
ployed in the early experiments, gave no problems with bacterial 
contamination and growth. Greenstein, et al. ('57) reported no 
bacterial contamination in such diets exposed directly to the air 
for 48 hours or in closed diet-containers held at room temperature 
for 4 weeks.
Where dilutions of the 50 per cent solids-diet were made 
in later experiments, colonies of microorganisms appeared within 
24 hours. Hence, it became necessary to work routinely with sterile 
diet-flasks and diets.
Since sterilization by heating the diet in the autoclave 
could possibly cause detrimental alterations in some of the dietary 
components, it was desirable to render the diet sterile without heat. 
A Millipore'* bacteriological vacuum filtration system was utilized. 
This system consisted of three parts: (l) a Millipore filter-disc,
filter-holder and filter-flask assembly, (2) a vacuum-line filter 
which prevented recontamination of the diet solution during vacuum 
release and (3) a vane-type vacuum pump.
^-Millipore Filter Corp.; Bedford, I'ass.
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The type HA Millipore filter-disc used contained pore 
sizes of 0.45 - 0.02 mî  . The Killipore filter-disc is a porous
membrane composed of pure biologically-inert cellulose esters; it 
produces no ionic reactions with compatible fluids nor will it 
absorb components from the liquid solutions. When supported by a 
filter-holder, it retains on its surface, from liquids or gases 
passed through it, all particles, bacteria and cells, which exceed 
its pore size in dimension.
The Fyrex filter-holder employed consisted of a base and 
a funnel. The base was a coarse grade glass-frit-support with an 
effluent spout. The filter-disc was placed on the surface of the 
base support and held in place when the funnel and the base were 
joined by means of a spring clamp which held their precision ground 
surfaces together. A rubber stopped was placed on the effluent spout 
of the base to fit the vacuum filter-flask.
The vacuum-line filter was made of a calcium chloride 
drying tube filled with absorbent cotton. When the vacuum pump 
was stopped, the back-flow of air entering the filter flask was 
freed of contaminating particles.
The routine sterilization of the diet was performed as 
follows: The liquid diet containing all components was filtered
initially with a 0.45 nû  filter which removed the extraneous mater­
ials - bacteria, cells, etc.; aseptic conditions were not employed 
in this first filtration. The first filtration insured a complete 
continuous filtration of the diet without a change of filters during 
the aseptic second filtration.
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The filter-flask with the vacuum-line filter attached 
and the filter-holder were sterilized in an autoclave at 250° F. 
for 30 minutes. The Millipore filter-discs were autoclaved 
separately in a petri dish with a weight on the cover to prevent 
wrinkling. If the filter-disc were autoclaved in the holder, the 
rapid expansion of the air and moisture in the filter-flask would 
rupture the filter-disc. Just prior to the second filtration, a 
sterile filter-disc was cjuickly placed, aseptically, into the filter- 
holder.
The aseptic filtration of the diet was made into a tared, 
sterile filter-fla3k. If necessary to give the desired solids 
concentration, an additional amount of distilled water was now 
filtered into the diet. The filter-holder was then removed from 
the filter-flask and a sterile rubber stopper quickly inserted 
into the mouth of the flask. The diet was stored in the sterile 
filter-flask under refrigeration until the start of the experiment; 
it was then transferred aseptically to the sterile diet-flasks 
plugged with sterile cotton. The diet-flasks were then attached 
as already described to the tubing leading through the peristaltic 
pump. The needle-shafts attached to the distal end of the pump 
tubing were soaked in 70 per cent ethanol prior to insertion 
through the serum stoppers in the side-arm of each sterile diet- 
flask.
The whole system of Tygon tubing could be sterilized in 
the autoclave prior to its insertion in the pump; however, 3ome 
fusing of the walls of the tubing occurred. It was decided to use
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an alternate method of pumping about 5 ml. of 70 per cent ethanol 
through the tubing to sanitize them prior to the beginning of each 
experiment. The alcohol was then flushed from the system by 
pumping sterile diet while the regulations of the diet flow rate 
were being made.
When the diet-flasks were removed from the system for 
weighing, the needle puncture in the serum stopper of the side- 
arm sealed itself and prevented internal contamination of the diet. 
With this apparatus and careful technic, it was easy to keep sterile
the diet-flasks and tubing on the vacuum side of the pump.
Part II, The Source and Description of Experimental Animals
It was arbitrarily decided to use cockerel chicks in all
experiments.
In the early experiments, Vantress crossbred cockerels 
obtained from a commercial hatchery were used. However, in later 
experiments, it was expedient to change to Columbian crossbred 
chicks hatched from eggs obtained from a single flock maintained 
on the L.S.U. poultry farm. This modification in procedure offered 
the following advantages: l) easy availability; 2) chicks were
always hatched from eggs obtained from a single flock and would 
probably show less variation in their response to the experimental 
treatments than chicks hatched from eggs obtained from various com­
mercial flocks; 3) a standard procedure was followed for hatching 
the eggs and for treatment of the birds from the time of hatching 
to the beginning of the experimental period; and 4) the autosexing
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characteristic of crossbred Columbian female X New Hampshire male 
chicks simplified the selection of cockerel chicks for the experi­
ments.
An experiment was conducted prior to the change-over in 
source of chicks which indicated that there was no breed difference 
in response.
Part III. Typical Experimental Procedure
A typical experiment may now be outlined.
The Columbian crossbred chicks were removed from the incu­
bator on the morning of the hatch-date and sexed according to the 
down color. The males were distinguished by a cream-colored down, 
the females by a brick-red down. Eight cockerels were selected on 
the morning of hatching on the basis of weight (42 - 2 gm.) and 
general appearance. The birds were'placed immediately into the ex­
perimental brooder in their individual cages and given water ad 
libitum overnight.
On the following morning, the diet-tubes were inserted 
into the chicks, attached to diet-flasks and the flow of diet 
started.
Prior to attaching the chicks, the diet-flasks containing 
the experimental diet were individually weighed and attached to the 
pump. The required flow rate was established approximately by ad­
justing the calibrated speed controls on each TM-11 head. The pump 
was then run for exactly 1 hour, stopped, and the diet-flasks weighed 
again.
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If necessary, the speed controls were readjusted to deliver 
the required amount of diet. This one readjustment of the pump was 
sufficient for the duration of the experimental period.
Part IV. The Liquid Diet
The diet was fashioned similar to that of Greenstein, 
et al. ('57).
The components of the water-soluble diet included (l) the 
L-amino acids, (2) the B-group of vitamins together with ascorbic 
acid, (3) the inorganic salts, (4) fat-soluble vitamins and (5) glu­
cose.
The amino acids were accurately weighed and dissolved in 
water utilizing a combination magnetic stirrer and hot plate set 
at low heatj while stirring slowly, the amount of amino acids re­
quired for one kilogram of diet was dissolved in about 2800 gm. of 
water and this stock solution stored in the refrigerator. Separate 
stock solutions were similarly prepared for the B-vitamins, the 
fat-soluble vitamins and the minerals.
A complete diet was prepared by a proper combination of 
the four stock solutions plus the addition of glucose and monocal­
cium fructose -1, 6-diphosphate. The latter two compounds were 
added in the dry form to the diet after proper combination of the 
above four stock solutions.
Glycine and the L-isomers of the amino acids were purchased 
from Nutritional Biochemical Corporation, Chagrin Falls, Ohio.
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In preliminary experiments, the amino acids were twice- 
crystallized in the presence of Norit and analyzed for nitrogen.
Since it appeared that the toxic syndrome, described later, was not 
related to the purity of the amino acids per se. they were subse­
quently used as received without further purification.
The tyrosine component of the diet was solubilized by 
conversion to the water-soluble ethyl-ester-hydrochloride. Tyrosine 
was suspended in absolute ethanol and the mixture was saturated with 
dry HC1 gas. The resulting solution was refluxed for 2 hours and then 
evaporated to dryness in a flash-evaporator at 50° C. The crystals of 
the ethyl - L - tyrosinate - HC1 were gathered and recrystallized 
twice from a 1:4 ethanol-ether mixture. The water-soluble ester 
was then dried in a vacuum dessicator. Cystine was solubilized 
and its ester synthesized in the same manner as tyrosine. Each 
of the esters was recrystallized from 1:4 ethanol-ether mixtures.
The water-soluble monocalcium-fructose-1, 6-diphosphate 
was employed to furnish calcium and phosphate. The use of this 
compound prevented the insoluble combination of the above ions in 
solution. Potassium and magnesium were present in the liquid diet 
as water-soluble gluconates.
Vitamins A, D, E and K were suspended in the aqueous 
solution with the aid of a non-toxic food emulsifier, Nopoo 1225-1^.
The liquid diet contained no fat supplement;, a stable 
liquid diet containing fat was difficult to prepare without
2N0PC0 Corporation, Harrison, N, J.
adulterating the diet with a large quantity of protective colloid.
In preliminary experiments, corn oil containing the fat- 
soluble vitamins dissolved in it was given separately by syringe 
to.the chicks. The presence or absence of this supplement had no 
effect on the toxic syndrome which appeared within seventy-two hours. 
For convenience, the fat supplement was deleted thereafter and the 
fat-soluble vitamins suspended in the liquid diet.
Three different complete liouid diets were fed during the 
course of this research.
The first was the N.I.H. Diet No. 26 (Greenstein, et al.. 
>57); Table I gives the complete composition of one kilogram of the 
solids. This diet was fed as a solution containing 50 per cent 
solids.
The second diet was designated L.3.U. Diet No. 1 and was 
employed in experiments on diet inadequacy. The free-amino-acid 
mixture reported by Klain, et al. ('58) had given the best chick 
growth reported up to that timej therefore, it was used as a guide 
in this first modification of the amino acid component of the N.I.H. 
Diet No. 26. However, several substitutions were required. First, 
the relatively water-insoluble glutamic acid used by Klain, et al.
('58) could not be used in the liquid diet, especially at the very 
high level which they employed. The use of the sodium salt of glu­
tamic acid, though sufficiently water-soluble, would have probably 
raised the sodium content of the diet to prohibitive levels. Thu3, 
instead of 15 per cent glutamic acid as the only source of non-specific 
nitrogen, a mixture of 6.02 per cent sodium glutamate, 4.00 per cent
TABLE I
THE COMPOSITION OP 1 KILOGRAM OF SOLIDS EMPLOYED IN THE N. I. H. 








































Thiamine.HC1 5.0 Riboflavin 7.5
Niacin 37.5 Inositol 250.0
CaPantothenate 50.0 Biotin 0.3
Ascorbic acid 500.0 Vitamin B-12 0.1
Pyridoxine. HC1 6.3 Folic acid 0.5
Choline. Chloride 2500.0 p-Aminobenzoic acid 300.0
Mineral Components
gm. gm.
Sodium Chloride 7.0 Manganese Acetate 0.26
Ferrous Ammonium Sulfate 1.4 Monocalcium Fructose
Potassium Iodide 0.03 1, 6-diphosphate 50.0
Potassium Hydroxide 6.17 Cobalt Acetate 0.009
Gluconolactone 19.64 Copper Acetate 0.015
Zinc Benzoate 0.022 Magnesium Oxide 0.73
Ammonium Molybdate 0.006 Gluconolactone 6.45
Carbohydrate 
• . g m .  
Glucose 686.0
The above mixture was dissolved to give a 50 per cent aqueous solu­
tion. Fat-soluble vitamins: vitamin A acetate (1.0 mg.), calciferol
(0.7 >ig.)i<-tocopherol (5.0^ig.), 2-methyl-l, 4-naphthoquinone 
(0.42 mg.) were dissolved in two milliliters of corn oil and fed in 
equally-divided doses three times per week per animal.
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alanine and 1.50 per cent of serine was used. This mixture was 
isonitrogenous with the 15 per cent glutamic acid. This modified 
mixture was utilized in the L.S.U. Diet Mo. 1 and its composition 
is given in Table II.
Since Klain, et al. ('58) had obtained the best chick 
growth reported up to that time on free-amino-acid diets, their 
vitamin levels were arbitrarily used without modification in the 
complete L.S.U. Diet No. 1 as shown in Table III.
The mineral levels in the L.S.U. Diet Mo. 1 are shown 
in Table IV. These levels were selected after a comparison of the 
mineral levels in N.I.H. Diet No. 26 with those fed previously 
in two free-amino-acid dry-type diets and the M.R.C. requirements.
It may be seen from this comparison table that only two modifications 
were considered desirable - the manganese level was increased from 
58.3 to 112.5 mg. per kilogram of solids and zinc from 4*7 to 99*7 
mg. per kilogram of solids.
Table V lists the actual salt mixtures used in the N.I.H. 
Diet No. 26 and L.S.U. Diet No. 1 and No. 2.
The final L.S.U. Diet No. 1 had the following percentage 
composition of solids: (l) Amino Acids, 21.9 per cent (see Table II);
(2) Vitamins, 0.3 per cent, (see Table III); (3) Minerals, 8.9 per 
cent (see Table V and IV) and dextrose, 68.9 per cent. One kilogram 
of solids used in L.S.U. Diet No. 1 contained 6.55 moles. Glucose
contributed 3*82 moles (or 58.3 per cent of the total); amino acids
contributed 2.21 moles (or 33.7 per cent of the total); vitamins
contributed 0.03 moles (or 0.45 per cent of the total) and minerals
TABLE II
AMINO-ACID COMPONENTS AND NITROGEN 
AND L. S. U. DIETS
CONTENT OF 




N.I.H. No. 26* L.S.U . No. 1 L.S.U. No. 2
gm./Kg, gm.N gm./Kg gm.N gm./Kg. gm.N
solids solids solids
L-Lysine - HC1 12.4 1.9 15.4 2.4 23.4 3.6
L-Histidine - HC1 - H20 5.4 1.1 4.4 1.1 10.7 2.1
L-Arginine - HG1 7.5 2.0 14.0 3.7 24.5 6.5
L-Tryptophan 2.0 0.3 1.8 0.2 3.1 0.4
L-Fhenylalanine 9.0 0.8 5.9 0.5 11.1 0.9
L-Leucine 8.0 0.9 16.6 1.8 31.6 3.4
L-Isoleucine 5.0 0.5 8.4 0.9 13.8 1.5
L-Threonine 5.0 0.6 5.8 0.7 10.9 1.3
L-Methionine 6.0 0.6 6.0 0.6 16.5 1.5
L-Valine 7.0 0.8 9.6 1.1 15.6 1.9
Ethyl-L-Tyrosinate - HC1 19.8 1.1 9.5 0.5 17.8 1.0
L-Sodium Glutamate 60.2 5.0 60.2 5.0 55.2 4.6
L-Alanine 7.5 1.2 40.0 6.3 48.4 7.6
L-Serine 15.5 2.1 15.6 2.1 15.6 2.1
L-Glycine 4.8 0.9 5.0 0.9 20.0 3.7
I—Proline 29.9 3.6 — --- 10.0 1.2
Sodium-L-A spart at e 19.0 1.7 --- --- --- ---
Ethyl-L-Cysteinate - HG1 1.4 0.1 — — — ------- ------- — — —
Totals 225.4 25.2 219.3 27.8 328.2 43.3
*Greenstein, et al., *57.
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TABLE III
VITAMIN COMPONENTS IN 1 KILOGRAM OF SOLIDS OF N.I.H. 
DIET NO. 26, L.S.U. DIET NO. 1, AND L.S.U. DIET NO.2
Vitamin N.I.H. Diet No. 26
L.S.U. Diet No. 1 
and
L.S.U. Diet No. 2
mg. mg.




Vitamin B-12 0.1 0.02
Pyridoxine - HC1 6.3 6.0
Biotin 0.3 0.6
Folic Acid 0.5 4.0
Inositol 250.0 100.0
Ascorbic Acid 500.0 250.0
Choline - Chloride 2500.0 2000.0
Menadione 0.42* 5.0
L-Tocopheryl-Acetate 5.0* 20.0
Vitamin D-3 0.7 (mg.)* 600 I.C.U.
Vitamin A acetate 1.0* 10,000 I.U.
Total8 3.4 gram 2.6 gram
*The quantity of fat-soluble vitamins was dissolved in 2 ml. 
of corn oil and fed in equally divided doses three times a 
week per animal.
TABLE IV
MINERAL CONCENTRATIONS OF VARIOUS DIETS CONTAINING FREE AMINO ACIDS
Minerals Used or Recommended By





L.S.U. No. 1 and 
L.S.U. No. 2
Ca,j£ 1.0 1.14 1.21 0.96 0.96
P,* 0.6 0.60 0.72 0.74 0.74
NaCl,# 0.37 0.89 0.88 2.40? 2.405
V cf iv, yo 0.20 0.40 0.40 0.43 0.43
Mg, mg./Kg. 485.0 345.0 345.0 442.0 442.0
I, mg./Kg. 1.1 30.6 30.6 22.9 22.9
Kn, mg./Kg. 55.0 137.0 211.2 58.3 211.2
Fe, mg./Kg. 19.8 61.0 51.5 199.0 199.0
Cu, mg./Kg. 1.9 5.1 5.1 5.2 5.2
Zn, mg./Kg. 441.1 9.1 99.7 4.7 99.7
Mo, mg./Kg. — — 3.6 3.3 3.3
B, mg./Kg. — 1.6 ------- —
Co, mg./Kg. 1 0.2 3.0 3.0
■^-National Research Council, *60.
2Fox and Briggs, '58.
3lCLain, et al«, *58.
^Greenstein, et al.. *57.
5Sodium -L- glutamate and amino acid salts supplied 2.04 per cent NaCl equivalent.
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TARIE V
MINERAL COMPONENTS OF N. I. H. DIET NO. 26, 
L.S.U. DIET NO. 1 Al© L.S.U. DIET NO. 2
Salt Mixture N.I.H. Diet No. 26 5*’q ’u ’ I°* oL.S.U. Mo. 2
gm. gm.
Sodium Chloride 3*16 3.16
Potassium Hydroxide + 6.17 6.17
Gluconolactone 19.6? 19.67
Magnesium Oxide + 0.73 0.73
Gluconolactone 6.45 6.45
Ferrous Ammonium Sulfate 1.40 1.40
Potassium Iodide 0.03 0.03
Manganese acetate - 4H20 0.26 0.94
Zinc acetate - 2H20 0.022 0.33
Copper acetate - 4H20 0.015 0.015
Cobalt acetate - 4H20 0.009 0.009





contributed 0.49 moles (or 7.48 per cent of the total). Molal con­
centration of the dissociable salts was calculated on the ionic 
rather than the molecular basis. A kilogram of this mixture was dis­
solved in distilled water and diluted to give a total weight of 2 
kilograms. This gave a diet solution containing 50 per cent solids.
The third diet, designated L.S.U. Diet No. 2, was utilized 
in experiments to evaluate the effect on chick livability of varying 
the molal concentration of solids while keeping the solids-intake 
constant. The vitamin and mineral components and their levels in this 
diet were identical to those used in L.S.U. Diet No. 1 (See Tables 
III and V). The one modification, in relation to the L.S.U. Diet No. 
1, involved the amino acid component; this modification was based on 
a report by Greene (*59) which appeared subsequent to the formulation 
of the L.S.U. Diet No. 1. This amino acid mixture of Greene gave su­
perior growth and feed efficiency compared to the earlier mixture of 
Klain, et al. (’58). Compared to the two previous amino-acid mix­
tures employed, it contained higher levels of all the and.no acids, 
thus giving a 72 per cent increase in nitrogen content of the diet. 
These higher amino acid levels made it impossible to produce a 
liquid diet having 50 per cent solids due to the failure to get a 
complete solubility of the amino acids; hence, the maximum solids 
concentration obtainable was approximately 33 per cent.
The final L.S.U. Diet No. 2 had the following percentage 
composition of solids: (l) amino acids, 32.8 per cent; (2) minerals,
8.9 per cent; (3) vitamins, 0.3 per cent; (4) dextrose, 53 per cent.
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One kilogram of solids used in L.S.U. Diet No. 2 con­
tained 6.91 moles; glucose contributed 3.2 moles (or 46.3 per cent 
of the total); amino acids contributed 3.19 moles (or 46.2 per cent 
of the total); vitamins contributed 0.03 moles (or 0.4 per cent of 
the total); and minerals contributed 0.49 moles (or 7*0 per cent 
of the total). Varying proportions of distilled water were used 
as the solvent to give diets having molal concentration ranging 
from 3.5 to 0.14.
Part V. The Determination of Sodium and Potassium in Heart and 
Skeletal Muscle of the Chick
Samples of heart and skeletal muscle were taken immedi­
ately after dr»ath of the chick. The samples were placed in tared, 
dry silica crucibles which had been cleansed of sodium and potas­
sium by a prior rinse with concentrated HC1 and then with doubly- 
distilled water. The crucibles containing the muscle samples were 
dried to constant weight in a forced-draft oven set at S0° C.
The samples were then ashed in a muffle-furnace at 1300° F. for 
24 hours. Two drops of concentrated HC1 were added to the crucibles 
to convert the metallic oxides to chlorides. The chloride salts 
were then transferred to volumetric flasks with the aid of a 0.02 
per cent aqueous Sterox^ solution and the sodium and potassium con­
tent determined with the Coleman Flamephotometer according to instruc­
tions furnished with the instrument. (Coleman Instruments, '57)
3 A non-cationic detergent manufactured by Hartman-Leddon 
Co., Philadelphia, Pa.
EXPERIMENTAL
After the development of the technic of continuous con­
trolled forced-feeding of'liquid diets, experiments were initiated 
to study the adequacy of such diets for the day-old chick. It was 
decided to observe the subsistence of chicks on the N.I.H. liquid 
diet No. 26 that had been successfully fed ad-libitum to weanling 
rats (Greenstein, et al.. ’57). This diet was routinely made up to 
contain 50 per cent solids. The solids composition is shown in 
Table I. In selecting an arbitrary rate of administration, it was 
considered desirable to deliver as much solids as possible to the 
chick. An arbitrary rate of 1 gm. of diet per hour, 0.5 gm. of solids 
per hour, was used. As shown in Table VI, this resulted in complete
mortality within 3 to 5 hours.
This unexpected lethal effect, when the N.I.H. diet was 
forced-fed at a slow, continuous rate, caused a change in plans - 
instead of proceeding to work on nutrient requirements and interrela­
tionships in the chick, the phenomena responsible for these lethal 
effects were studied.
Two hypotheses were advanced to explain the lethal effect 
of the N.I.H, liquid diet. These are:
1, The N.I.H. liquid diet developed for weanling rats was 
nutritionally inadequate for the day-old chick.
2, The solids concentration of the diet was too high and/or
the quantity forced-fed to the day-old chick was excessive.




SURVIVAL TIKE OF DAY-OLD CHICKS FORCED-FED N. I. H. DIET HO. 26 
AT A RATE OF 1 GRAM PER HOUR (0.5 GM. OF SOLIDS)










Mean t. Std. Error 3.6 t 0.75
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Part I. Nutrient Modification of the N.I.H. Liouid Diet No. 26
to Satisfy the Known Requirements of the Chick
In view of the difference in species (avian vs. mammalian)
and physiological age of the day-old chick and the weanling rat, the
possibility of a nutritional inadequacy in the diet was given first 
attention. Modifications were made in the amino acid, vitamin, and 
mineral components of the N.I.H. Diet Mo. 26 to give L.S.U. Diets No. 1 
and 2 (see pages ?2 through 32 )j these diets conformed closely in 
nutrient composition to free-amino-acid, dry-type diets used success­
fully with ad-libitum feeding to the chick (Klain et al., 1 58j Greene, 
!59). The survival times on N.I.H. Diet No. 26 and L.S.U. Diets No.
1 and 2 were 3.6, 3.9, 4.4 hours respectively. These modifications 
did not significantly improve survival time of the chicks.
These negative results indicate that the modifications in
the amino acid, mineral, and vitamin portions were not significantly
beneficial. However, more positive proof that the mortality was not 
the immediate result of deficiency or imbalance was obtained in two 
experiments in which the L.S.U. Diet No. 1 was divided into four com­
ponent groups and these, singly or in combination, were forced-fed.
In Experiment 1 (Table VII), the glucose component alone gave 
mortality similar to the complete diet. The addition of vitamins to 
a glucose solution did not affect survival time, but the further addi­
tion of minerals caused a slight drop from 4.3 to 3.6 hours. The 
further addition of amino acids to give a complete diet caused another 
slight drop in survival time to its lowest value, 3 hours.
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TABLE VII
SURVIVAL TIME OF CHICKS IN AN INCOMPLETE FACTORIAL EXPERIMENT 











Glu+V+M+AA 3 1.0 0.50 3.0(all values 3*0)
Glu+V+M 3 1.0 0.39 3.6(3.0 to 4.0)
Glu+V 3 1.0 0.34 4.3(4.0 to 5.0)
Glu 3 1.0 0.34 4.3(4.0 to 5.0)
Experiment 2:
AA+V+M+Glu 3 1.0 0.50 3.0(all values 3.0)
AA+V+M 3 1.0 0.16 10 (Exp. Terminated)
AA+V 3 1.0 0.11 10 Uixp. Te rminat ed)
AA 3 1.0 0.11 10 (Exp. Terminated)
•#Glu = Glucose, V = Vitamins, M = Minerals 
AA = Amino Acids.
Concentration (gm./gm. diet): Glucose, 0.34; Vitamins, 
.01; Minerals, 0.05; Amino Acids, 0.11,
x
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In Experiment 2 (Table VII), amino acids fed alone, with 
vitamins, or with vitamins and minerals, produced no lethal symptoms 
within ten hours and the experiment was terminated. When glucose was 
added to a solution containing amino acids, vitamins and minerals, sur­
vival immediately dropped from 10 to 3 hours.
Thus, it was apparent that glucose, and not the amino acids as 
previously thought (Fell, '59) was responsible for the immediate mor­
tality. Although it was recognized that there was a possible interaction 
between glucose and the minerals, or the minerals plus amino acids, it 
was equally possible that these components were acting in an independent, 
yet additive, manner.
The apparent detrimental effect of glucose alone was thought 
to be related to its osmotic pressure because of the typical symptoms 
exhibited by the chicks. These were similar to those occurring when 
the complete diet was fed. The symptoms were lethargy, emaciation, 
large fluid excretion, accumulation of fluid in the crop, and a dry, 
shriveled appearance of the legs and feet. Figure 7 shows the appear­
ance of a treated chick at the point of death (on the right) compared 
to a normal chick. Emaciation, dehydration, and hyperemia are evident.
Since glucose alone was lethal, and the lethal effect was 
thought to be related to its osmotic pressure, an experiment was con­
ducted to determine the survival times of birds fed (l) a solution of 
glucose, (2) a solution containing a partial-starch-hydrolysate, or
(3) a suspension of soluble starch. These solutions contained molecules 
of varying size as judged by the ferricyanide numbers. The results 
are shown in Table VIII. Survival was related to relative molecular
Figure 7» Appearance of Chick Dying as a Result of Liquid 
Diet Administration (shown on right) Compared to 
a Normal Chick.
TABLE VIII
SURVIVAL TIMES OF CHICKS FORCED-FED SOLUTIONS CONTAINING GLUCOSE, 
SOLUBLE-STARCH-HYDROLYSATE AND SOLUBLE-STARCH










% (wAO gm./hr. hours
Glucose 34.4 0.34 310 Low 4.3
Soluble Starch- 
Hydrolysate
34.4 0.34 206 Intermediate 11.0
Soluble Starch 34.4 0.34 12 High 14*
^Experiment terminated at the end of 14 hours; chicks apparently were normal 
**Kerr (’50)
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size, and survival for > 1 4  hours was obtained with the soluble starch, 
the carbohydrate having highest molecular weight.
However, soluble starch is not a desirable carbohydrate com­
ponent for chemically-characterized liquid diets since it is not truly 
soluble and is not chemically-characterized. For these reasons, soluble 
starch was not further employed; attention was focused on the utili­
zation of diets containing glucose.
The results obtained with individual diet component groups, 
combinations thereof, and with carbohydrates of varying molecular 
size, tend to incriminate excessive osmotic pressure of the diet as 
cause of the mortality, since survival time was always related in­
versely to the theoretical osmotic pressure of the various solutions. 
Glucose, being the component present in greatest quantity in the com­
plete diet and. having a low molecular weight, would be expected to 
exert the greatest theoretical osmotic pressure. Amino acids, present 
in smaller molar ouantities, would not be expected to exert so great an 
osmotic pressure. Greater quantities of the amino acids alone might 
have been lethal. The combination of glucose plus amino acids would 
give an increased osmotic pressure, with a shortened survival time of 
the chicks, compared to glucose alone.
Hence, it appeared possible to obtain livability on the 
complete liquid diet if its osmotic pressure could be adjusted to 
a value tolerated by the chick. This possibility led to the hypo­
thesis that the solids concentration of the diet wa3 too high and/or 
the quantity forced-fed to the day-old chick was excessive.
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Part II• Dietary Molal Concentration and Rate of Solids-Intake Per 
Hour as Major Factors Affecting Livability of Day-Old 
Chicks Forced-Fed L.S.U. Diet No. 2.
The observations described above indicated a critical loss in 
body water content as a result of excessive dietary osmotic pressure 
to be the cause of death. It was reasoned that two factors are related 
to the detrimental water depletion in the bird; first, the relative 
osmotic pressures of the diet and tissue fluids of the chick; second, 
the greater the absolute quantity per hour of such hyper-osmotic diet 
forced-fed, the greater should be the absolute quantity of water ex­
tracted from the tissues, hence, the greater the mortality. An exces­
sive osmotic pressure of the diet within the digestive tract would 
deplete water from the tissues and cause a net accumulation of water 
in the digestive tract. This property of the diets should be related 
to molal concentration of diet solids.
Whereas variable molal concentrations were attained in the 
carbohydrate solutions, Table VII, by varying the molecular size, 
such variations in the complete diet must be made by varying the pro­
portion of solids and water. In the latter case, constant solids-intake 
could only be attained by varying the quantity of complete diet which 
was forced-fed. An example is given in Table IX of how this was accom­
plished.
Using this general plan of administration, solids-intakes 
of 0.33y 0.27 and 0.22 gm. per chick per hour were each employed with 
diets ranging from 0.14 to 3*5 molal. All experiments were conducted 
for an arbitrary 72-hour period. Survival times are presented as the
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TABLE IX
WATER AND TOTAL DIET INTAKES NECESSARY TO GIVE VARYING MOLAL 










2(w/w) gm./hr. gm./hr. gm./hr.
0.14 3.0 0.33 16.37 16.70
0.60 8.0 0.33 3.87 4.20
1.4 16.7 0.33 1.67 2.00
3.5 33.3 0.33 0.67 1.00
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time required for 50 per cent mortality (MT 50). Ad-1ibittun water was 
not allowed in this series of experiments since ingested water would 
change the effective molal concentration of. the forced-fed solutions. 
Figure 8 gives the data plotted to show the relationship of molal 
concentration to MT 50 values for each of these three solids-intakes. 
The survival time is given for individual chicks involved in these 
experiments in Appendix Tables I, II and III.
It is evident that as molal concentration was reduced, there 
was first an increase in survival time to a maximum followed by a 
sharp drop in survival time. With solids-intakes of 0.27 and 0.33 
gm. per chick per hour, this maximum was at 0.35 molal concentration. 
With a solids-intake of 0.22 gm. per chick per hour, the same pattern 
is evident, but survival time at this apparent maximum exceeded the 
experimental period.
The relationship of the three curves also suggest that a 
threshold phenomenon exists with respect to diet molal concentration 
and tolerable solids-intake. As one approaches the region of tolerable 
molality, survival at a given molality is greatly increased by reducing 
solids-intake from 0.27 to 0.22 gm. per chick per hour.
The maximum solids-intake which will allow 72-hours survival 
with the .35 molal diet must fall within the narrow range of 0.22 and 
0.27 gms. per chick per hour. Survival to 1 2 hours was not possible 
with solids-intakes of 0.27 and 0.33 gm. per chick per hour regardless 
of molal concentration.
Symptoms observed in these chicks fell into tvro definite 
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MOLAL CONCENTRATION £
showed the typical dehydration syndrome previously described. Those 
dying who received diets of lower molality than 0.35 displayed a 
"drooping-head" syndrome, i.e., they appeared unable to hold their 
head erect. This initial symptom was usually followed by a state of 
unconsciousness and eventually death. However, most chicks would 
spontaneously recover if removed from the diet soon after unconscious­
ness occurred. Despite the large quantities of fluid fed with low 
molal diet solutions, only seldom did the chicks appear to drown; there 
was no stasis of the digestive‘tract as was sometimes observed on the 
high molal diet solutions.
Two hypotheses were advanced to explain the observed pattern 
of symptoms:
I, At the higher molal concentrations, the osmotic pressure of 
the diets is excessively greater than that of body fluids. Therefore, 
water accumulated in the digestive tract resulting in dehydration of 
the body tissues.
II, At the lower molal concentrations, the excessive water- 
intakes required to deliver the desired quantity of solids must be 
rapidly cleared by the kidney tubules and results in inadequate re­
absorption of solutes.
The validity of the first hypothesis was tested by determining 
the tissue water content of chicks fed varying molal concentrations 
of L.S.U. Diet No, 2 at the rate of 0.22 gm. solid per chick per hour. 
These were performed and reported by Kopfler ( '62); the chicks used 
in these determinations were those whose survival times are reported 
in Figure 8, Tissues were obtained either at death or 72 hours. The
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results, given in Table X, definitely indicate that extensive tissue 
dehydration occurred when high molal concentrations were fed.
To justify the second hypothesis, the intakes of forced-fed 
diet water, at molal concentrations below 0.35 with solids-intakes of 
0.27 and 0,33 gm. P«r chick per hour and at molal concentrations below 
0.6 with solids-intakes of 0.22 gm. per chick per hour, were plotted 
vs. survival times (Figure 9).
This plot shows the critical water-intake to lie between 5 
and 6 gm. of water per hour. In this range there is a sharp drop in 
MT 50 values from >72 hours to approximately 28 hours. Further in­
crease in water-intake resulted in a drop in MT 50 value to below 3 
hours where it remained with water-intakes up to 16.3 gm. per hour.
It was of interest to see whether this critical water-intake
could be demonstrated in the absence of dietary solids. A series of 
experiments were conducted in which distilled water was administered 
at the rates of 4.3* 5*3* 5.8, 6.0 or 6.3 gm. per chick per hour.
The results are plotted in Figure 10.
Again, survival time dropped sharply from >72 hours to ap­
proximately 6 hours with water-intakes above 5*3 gm. per chick per hour. 
This drop is greater than that found for equivalent intakes of the 
low-molal diets. This is not unexpected since the loss of solutes in 
the urine would be partially offset by those furnished in the diet.
These results show that excessive forced-feeding of water
per se may cause mortality in day-old chicks and fixes this critical 
value at slightly greater than 5*3 gm. of water per chick per hour.
TABLE X
EFFECTS ON TISSUE WATER CONCENTRATION OF LIQUID DIETS GIVEN AT 
0.22 GM. SOLIDS PER HOUR (KOPFLER, *62)
Molal
Concentration





Blood Lungs Heart Brain
Hours % % % % 2 ? %
0.14 3 52*2*4 . 78-0.8 . 82*1.7 87-1.7 78*19 79*1.4 82*0.4
0.60 72 57*5.0 79*0.9 84*2.0 89*2.4 80±0.5 79*3.1 82±0.3
2.2 9 29*3-2 67*0.7 70*3.3 84*0.6 69*3.5 77*1.4 79*1.0
3.4 11 42-2.6 67*1.4 71*3.4 84*2.5 73*2.5 77*0.9 79*1.5
*means - standard error.
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FIGURE 10
RELATIONSHIP OF MT 5 0  TO ABSOLUTE 
W ATER-INTAKE IN DAY"OLD CHICKS 
FORCED-FED D ISTILLED WATER
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If the hypothesis is correct that solutes are lost when this 
critical water-intake is exceeded, tissue concentrations of such sub­
stances as sodium ion should be depleted. Accordingly, sodium and 
potassium concentrations of skeletal and heart muscle were determined 
for chicks forced-fed water-intakes greater than the determined 
critical amount and for chicks given water ad-libitum.
Two groups of 4 chicks each were involved - one group was 
given water a.d-libitum (controls)j the other group was forced-fed 
distilled water at the rate of 6 gm. per chick per hour (treated).
The treated chicks were sacrificed as they became unconscious, and a 
control chick was arbitrarily selected for sacrifice at the same time.
A sample of leg muscle (gastrocnemius) and the heart were analyzed for 
sodium and potassium by flame photometry and concentrations were cal­
culated on a dry-weight basis. The results are shown in Table XI.
The forced-feeding of water resulted in a lowered sodium concentra­
tion in both tissues compared to the controls. Potassium was not 
reduced in either heart muscle or skeletal muscle. These results agree 
with the hypothesis but do not eliminate the possibility of other solutes 
being involved.
This research indicates that chemically-characterized liquid 
diets may be forced-fed to day-old chicks without excessive immediate 
mortality provided consideration is given to the molality of the diet, 
the absolute water-intake of the chick, and absolute solids-intake 
per unit of time. Detrimental effects related to tissue dehydration 
occur when hyper-osmotic diets are forced-fed. These may be minimized 
by decreasing absolute solids-intake. Absolute water-intake becomes
TABLE XI
MUSCLE CATION CONCENTRATION OF CHICKS GIVEN DISTILLED WATER 





























•^Highly statistically significant at the 1 per cent level of probability.
the critical factor above approximately 5»3 gm. per chick per hour.
Such excessive water administration leads to depletion of tissue sodium 
ion and possibly other solutes.
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DISCUSSION
The finding that N.I.H. Diet No. 26 gave 100 per cent 
mortality within a few hours when forced-fed to day-old chicks was 
surprising in view of the remarkable success obtained with rats at 
the National Cancer Institute of the National Institutes of Health 
(Greenstein, et al.. '57)* In pioneer work, these workers tested 
various amino acid mixtures without much apparent concern about the 
other components.
The amino acid mixture utilized in Diet No. 2.6 contained 
25.2 grams of N per kilogram of diet solids, of which 9.5 grams was 
from the ten "essential" amino acids and 15.7 grams from eight "non- 
essentials." The "non-essentials" portion was patterned after the 
composition of casein and the "essentials" after known rat require­
ments. Seventeen weanling rats, weighing 45 gm. each, made average 
gains of 4.1 gm. and consumed 10.2 gm. of diet solids per day when 
Diet No. 26 was allowed ad-libitum over a 23-day period.
Because of this relatively good performance in rats, it was 
believed that, with minor modification, the diet could be successfully 
adapted for poultry nutrition research. This belief proved to be 
untrue.
Because of the difference in species (avian vs. mammalian) 
and the relative age of the weanling rat and day-old chick it was postu­
lated that the early mortality was related to t heir different
nutritional requirements.
However, according to current nutritional concepts, it 
seemed improbable that a nutritional deficiency would be fatal in the 
first few hours after feeding the diet, especially with the day-old 
chick. In fact, the unabsorbed yolk in the chick is considered by 
many poultry nutritionists to minimize the necessity of feeding a 
nutriticpnally-complete ration during the first week.
However, the practice of forced-feeding the diet in the 
chick represents an important departure from Greenstein!s ad-libitum 
feeding, and it was possible that, with forced-feeding, the effects 
of even a slightly-incomplete diet would be accentuated. Hence, 
nutritional deficiency symptoms, which normally take days or weeks to 
develop when the animals are able to voluntarily decrease their feed 
intake, could conceivably develop in a much shorter time.
Because of the unabsorbed yolk and the literature reports 
discussed below, it was considered much more likely, if a dietary 
inadequacy was involved in the lethal syndrome, that the amino acid 
component would be more directly responsible. Harper (’56) stated 
that an amino acid imbalance can cause serious detrimental effects, 
in animals fed ad-libitum, much sooner than a deficiency of vitamins 
or minerals.
Deshpande et al. ('57) found that the addition of 0.4 per 
cent Dl.-methionine and 0.6 per cent DL-phenylalanine to a 6 per cent 
fibrin ration, fed ad-libitum to rats, produced an imbalance which, 
within 24 hours, led to a decrease from 76 per cent to 59 per cent in 
the percentage of absorbed nitrogen retained and an immediate decrease
in food intake.
Thus, the possibility existed that the N.I.H. Diet No. 26 
was marginally deficient in some amino acid essential for the chick, 
thereby creating an amino-acid imbalance; furthermore, the effects 
of the imbalance could be enhanced in the chick by forced-feeding.
In addition, Fell ('59) concluded, from unsuccessful 
experiments on the intermittent forced-feeding of liquid diets to
Iday-old chicks, that the amino acid component was responsible for 
the mortality.
Since the amino acid requirements of day-old chicks are 
not known, recourse was made to literature reports in which older 
chicks were successfully fed dry-diets containing free-amino-acid- 
mixtures in lieu of protein.
Table XII summarizes the literature on ad-libitum feeding 
of diets containing amino acids as the sole source of nitrogen for 
the chick. For the most part, the growth obtained was less than one- 
half that expected on good diets of natural ingredients. However, 
Glista (’51) demonstrated that the forced-feeding of a tableted diet 
containing only free-amino-acids resulted in growth comparable to 
that- noted for chicks fed defatted whole egg protein. His results, 
as well as others in the literature, were interpreted by Scott ('58) 
to mean that, with ad-libitum feeding of free-amino-acid diets, the 
major problem to be solved was insufficient feed intake and that 
insufficient intake is related to amino acid inadequacy. However, 
it should be pointed out that Glista’s tableting procedure also delayed 
diet solubility in the digestive tract and, as will be obvious from
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TABLE XII
GROWTH SUMMARY OF CHICKS FED FREE-AMINO-ACID DIETS AD-LIBITUM
Investigator Test Period 
Days After Hatching
Gain
Hegsted, ('44) 10th-18th, 10th-27th 2.7-3*5 gin./chick/day
Almquist & Grau ('44) 14th-20th 1 $ / day
Grau & Peterson ('46) 15th-24th 4.1%/day
Grau ('47) 15-22nd 1+%/ day
Grau’ C *49) 4^/day
Luckey, et al. (*47) l-18th 2.9 gm./chick/day
Benton,et al. (55) l-13th 2.9 -4*5 gm./chick/ 
day
Benton, et al. (157) l-14th 2.9 grn./chick/day
Fisher & Johnson ('56) 1-7 6.0 grn./chick/day
Fox, et al. ('58) l-28th 7.8 grn./chick/day
later developments, this may have had a beneficial effect in terms of 
its osmotic-pressure-reducing effect. Klain, et al. ('56) were able to 
achieve good intake and growth with ad-libitum feeding in chicks by 
patterning a free-amino-acid mixture after the amino acid composition 
of chick carcass as reported by Price, et al. (*53)• Growth was com­
parable to that given by a similar diet containing soya protein. Their 
amino-acid mixture, with modifications described on page 24, was sub­
stituted for the one used in the N.I.H. Liquid Diet No. 26 to give 
L.S.U. Diet No. 1. One should note especially (see Table II) the in­
creased levels of lysine, arginine, leucine, isoleucine, and valine 
compared to N.I.H. Diet No. 26. Conversely, the level of tyrosine was 
reduced approximately 50 per cent and phenylalanine approximately 35 
per cent.
It was also deemed advisable to adjust the vitamin and 
mineral levels to those' previously fed in successful dry-diets for 
chicks (see page 29). Since the diet of Klain, et al. ('58) had given 
the best growth attained up to that time with free-amino-acid diets, 
their vitamin supplement was adopted. The mineral levels adopted may 
be seen in Table IV. The new mixture, compared to N.I.H. Diet No. 26, 
contained increased levels of manganese and zinc.
Later, the amino acid mixture was further modified to give 
L.S.U. Diet No. 2 (see Table Il)j this modification was patterned after 
Greene's ('59) mixture which gave chick growth superior to that of 
Klain, et. al. ('58).
Those modifications had no apparent beneficial effect. Thus, 
it was concluded that either (l) some factor other than dietary inadequacy
or imbalance was involved or (2) none of the diet modifications had 
corrected the deficiency.
A. division of the diet into its four component groups - 
amino acids, minerals, vitamins, and glucose - was made and the 
forced-feeding of certain individual component groups and combinations 
thereof was then performed to decide which group(s) was associated 
with mortality. Since glucose and amino acids were the component 
groups present in largest amounts, it was decided to feed each of them 
alone and to progressively add, one at a time, the other components.
The concentration of each component group was considered fixed; there­
fore, solids - concentration of the resulting solutions varied depending 
on the component or combination fed. Similarly, intake was fixed at 
1 gm. of solution per chick per hour; hence, absolute solids-intake per 
chick per hour varied depending on the component group or combination 
fed. This is shown in Table VII, The results showed that glucose, 
either fed alone or in combination with any other component group, 
caused death. The amino acids, either fed alone or in combination 
with any component group except glucose, were not immediately lethal 
and had caused no apparent detrimental effects at the end of 10 hours 
when the experiment was terminated. These results represent the first 
positive data on the component group directly related to death when 
liquid diets are forced-fed. They appear to contradict the conclusion 
of Fell ('59).
Fell found that birds survived when dry-soya protein was 
fed ad-libitum and a solution containing the minerals, vitamins and 
glucose was forced-fed, but died when (l) a solution containing all
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components was forced-fed or (2) when a solution of amino acids was 
forced-fed and a dry mixture of the minerals, vitamins and glucose was 
given ad-libitum.
His amino acid solution was different from that used in the
present research and had not been previously used by other workers who
may have detected and eliminated imbalances or inadequacies. His longer 
experimental period, coupled with possible failure of his chicks to 
consume the other components fed dry ad-libitum. could have led to 
death due to amino acid imbalance or inadequacy.
Glucose may not have been lethal under his conditions because
of the slow rate of diet administration. The chicks could well have
had opportunity to compensate with ingested water for the water depletion 
that should have occurred with glucose administration.
The finding that an equal quantity of solids fed as a starch 
suspension was non-lethal and when fed as a glucose solution was lethal 
served to substantiate previous suspicions that osmotic pressure was 
closely related to the lethal effects. A partial hydrolysate of 
starch had, as expected, intermediate lethal power. This may implicate 
osmotic pressure as a factor in the evidence, available for decades, 
that purified diets containing low-molecular weight sugars instead of 
starch give poorer growth.
Harper and Elvehjera (’57) reviewed the effects of different 
carbohydrates on vitamin and amino acid requirements. They emphasized 
that these effects are not due to dietar3r energy differences but to 
the source of carbohydrate which supplies the energy. They concluded 
that the requirements for both vitamins and amino acids may be
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modified by changing the type of carbohydrate in the diet. The vitamin- 
sparing effect of the more-complex carbohydrates is apparently due to 
their ability to promote a type of intestinal flora which synthesizes 
greater quantities of certain vitamins and may also destroy less.
The mechanism by which amino acid requirements are decreased when the 
diet contains certain more-complex carbohydrates had received less 
attention, but appears to be a physiological effect on food intake, 
digestion, or absorption rather than an effect on intestinal microflora.
These authors further pointed out that when the various car­
bohydrates are listed in order of decreasing effectiveness in promoting 
growth or nitrogen retention, they follow in order of decreasing 
molecular weight with the exception of glucose and sucrose, which are 
reversed. The improved performance, regardless of its mechanism, 
depended on increased food consumption, shown by paired-feeding exper­
iments.' Thus, differences in food intake are possibly a reflection of 
the differences in osmotic pressure of solutions of the various carbo­
hydrates, as modified, in the case of sucrose and glucose, by their 
rates of absorption (See Harper and Spivey ’58).
The results with forced-feeding obtained in the present 
research indicate that when food intake cannot be voluntarily decreased 
by the animal, fatal consequences will result from the excessive osmotic 
pressure of the lower-molecular-weight carbohydrates in solution. This 
is in accord with the report of Harper and Spivey ('58) concerning the 
effects of "spaced-feeding" vs. ad-libitum feeding in rats. In 
"spaced-feeding," rats are trained to consume their food in a 2-hour 
period each day. Using this technic, and a 9 per cent casein diet
containing a comparable amount of either sucrose or gliicose, rats 
made gains of 3.0 and 1.5 gm. per day, respectively, compared to 2.5 
and 3.1 gm. per day, respectively, when ad-libitum feeding was used. 
With "spaced-feeding,1 there was a direct relationship between mole­
cular size and gain, but the relative gains on sucrose and glucose 
were reversed with ad-libitum feeding. Feed consumption, and thus 
gain, was higher with glucose on ad-libitum feeding in spite of its 
higher theoretical osmotic pressure because (l) food was consumed 
in small amount over a long period of time and (?) glucose is absorbed 
more rapidly than sucrose from the gastrointestinal tract. Thus, the 
osmotic effects of glucose-containing diets could be compensated by 
regulating food and water intake with ad-libitum feeding but not with 
"spaced-feeding," which has an effect similar to forced-feeding.
These' authors related dietary osmotic pressure to feed intake because 
of the ability of hyper-osmotic diets to cause water accumulation in 
•the rat's gastrointestinal tract, primarily the stomach, and thereby 
reduce physical capacity and decrease appetite.
Cori ('25) showed that the administration of a hypertonic 
glucose solution into the stomach of rats caused a rapid net accumula­
tion of water. He found that the skin was the primary source of this 
water.
Oregerson ('32) proposed a cycle of events associating appe­
tite, feed intake, and thirst in dogs. The sequence was:
1, Satiety, associated with dehydration of body tissues, 
hydration of stomach contents and thirst.
2, Digestion and absorption, followed by re-hydration of 
tissues and the loss of thirst.
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3. Re-appearance of appetite.
Lepkovsky, et al. ('60) postulated a similar internal cycle 
for the chick except that the crop was the primary site of net water 
accumulation. Water concentration of the contents tended to remain 
constant in all parts of the digestive tract below the gizzard. Thus, 
when chicks were fed without water, there was a reduced feed intake- 
the reduction was governed by the amount of water that could be safely 
removed from tissue water reserves. The site of this reserve was pri­
marily in the skin and adipose tissue. Water moved from these locations 
to the crop where the ingested feed was diluted as necessary before 
passage to other parts of the gastrointestinal tract, and then, fol­
lowing feed digestion and absorption, water was returned to replenish 
tissue water reserves.
Kopfler ('62) found that when hyper-osmotic glucose solutions 
were forced-fed this cycle could not function normally, and the result­
ing dehydration ultimately resulted in death of the chick.
These dehydration effects seem to be related to maintaining 
a relatively constant environment within the gastrointestinal lumen; 
in fact, "the intestinal lumen appears to be so closely regulated that 
it may be regarded as a part of the internal environment," (Lepkovsky, 
et al.. >57).
New information about the movement of water from the lumen 
of the intestine to the body and back has been made possible by the 
use of tagged water. Pinson ('52) reviewed water exchange in animals 
as studied with hydrogen isotopes. He stated that water moves in both 
directions across the intestinal wall so that labeled water placed
in the blood rapidly reached equilibrium with the gut fluid. Moreover, 
feces water contained the same proportion of tagged water as the other 
body fluids contain after equilibrium. Visscher, et al. ('44) made a 
detailed study of water and ion movement between the ileum and the 
blood using isotopes of hydrogen, sodium and chlorine. They found that 
there is a forced flow of fluids across the intestinal epithelium in 
both directions simultaneously. The rate of water movement from the 
blood into the gut was independent of osmotic activity in the gut, 
but the net water movement from the gut to the blood depended in direc­
tion and magnitude upon the osmotic pressure gradient between the two. 
Thus, high osmotic pressure in the gut does not "move" or "pull" water 
into the gut but rather prevents it from leaving the gut. Apparently, 
water continuously moves into the gut without regard to gut contents. 
Ion movement from the gut increased with increasing concentration, but 
it was not linearly proportional as might be expected in a diffusion 
system.
In connection with the source of carbohydrate and its effect 
on growth, it is interesting to .note that the more-successful free- 
amino-diets (Fisher, ’57; Klain, et al.. '58; Greene, '59) have con­
tained no .glucose, whereas the less-successful diets have contained 
glucose (Hegsted, 144; Almquist and Grau, ’47; Grau and Peterson, '46; 
Grau, '47; Grau *49; Luckey, et al., '475 Benton, et al.. '55; Benton,
et al.. ’57). Fisher ('57) used 12 per cent corn oil and 52 per cent
starch, Klain, et al. ('58) used 30 per cent corn oil and 29 per cent
starch, and Green ('59) used 10 per cent corn oil and 50 per cent
starch. Fisher ('56) described the modifications in energy source and
level which resulted in improvement of his free-amino-diet for chicks.
The greatest improvement was obtained with the substitution of starch 
and corn oil for the entire glucose portion. These modifications were 
based on the unexplained observations of Rose, et al. ('54) that humans 
require progressively more energy to maintain positive nitrogen balance 
as the diet is changed from casein to hydrolj'zed casein to an amino 
acid mixture. Anderson and Hill (’55) indicated that cornstarch pro­
vides 10 per cent more metabolizable energy for the chick than glucose, 
and corn oil is generally accepted to have much more energy than glucose. 
However, consideration was never given to the possibility that success 
of the final diet might equally be related to decreased potential 
osmotic pressure resulting from substitution of the more-complex 
carbohydrate and corn oil. Amino acid balance and adequacy are un­
doubtedly also involved since they may be related to the absorption 
of the diet and the rate at which the water previously depleted from 
the tissues could be returned.
Stasis of the digestive tract and failure of crop emptying 
have been observed by Fisher and Johnson ('56) and Glista ('51) in 
chicks fed unsuccessful free-amino-acid diets and by Spector and Adams- 
tone (’50) in rats fed an amino-acid-deficient diet. In addition to 
crop distention, Glista (’51) found that forced-feeding of tablets 
containing certain amino acid mixtures rapidly (within 4 to 8 hours) 
reduced the chicks to a comatose state. Symptoms included marked crop 
distention, weakness and dehydration. Thus, he had also observed detri­
mental osmotic effects but did not recognize them, as such. He achieved 
acceptable performance by substituting L-leucine (Merck) fcr DL-leucine
from another source as well as other unspecified changes.
It is not known whether this stasis phenomenon is indirectly- 
related to dietary osmotic pressure or to some other intake-limiting 
mechanism. Stasis of the digestive tract may account for the fluid 
accumulation in the crop and the susceptibility to drowning observed 
with hyper-osmotic liquid diets in the present research.
Some investigators (Harper and Spivey, '58; Birnbaum, '59) 
have recognized that osmotic pressure is an important factor in nutrition 
but no one has attempted to determine its quantitative relationship to 
performance of animals. The continuously-forced-fed liquid diet pre­
sented an ideal tool for this quantitative evaluation because (l) it 
was easily made in various molal concentrations by adding or deleting 
Avater while the solids composition remained unchanged, (2) it was 
easy to attain any desired solids-intake by varying the peristaltic 
pump speed, and (3) the relationship of mortality to osmotic effects 
afforded a simple criterion for evaluation.
The L.S.U. Diet No. 2 was the basic diet employed in these 
investigations. The solids component of this diet was considered to 
be as nutritiona.1 ly complete as possible. The most concentrated diet 
solution obtainable vrith this solids component was 33 per cent, or 3.5 
molal, because of solubility limitations. Varying quantities of water 
were added to get a series of molal concentrations ranging down to 0.14.
3ecsAise of emphasis on attaining high solids-intake with free-amino- 
acid diets (Scott, '58; Harper and Elvehjcm, '57), it was decided to 
continuously forced-feed 0.33 gm. of solids, or 1 gm. of the most 
concentrated diet solution, per chick per hour with the range of molal
66
concentrations mentioned above. The length of the experimental period 
was fixed at 72-hours because it was believed that any detrimental 
osmotic effects should be exerted within this period.
Regardless of the molal concentration, none of the birds 
fed 0.33 gm. of solids per hour survived the 72-hour experimental 
period; however, the results did show the pattern referred to previously 
(see pe ge 44 ). As molal concentration was progressively decreased, 
survival times began to increase with concentrations below 1.0 molal 
but, before complete survival was obtained, survival times began to 
decrease again.
With the lower molal solutions, large fluid-intakes were 
necessary to get solids-intakes of 0.33 gm. per chick per hour (see 
Table IX). Surprisingly, little trouble from strangulation was ob­
served. Previous to this, it was thought that this rate would have 
been impossible to attain without complete strangulation. This is 
further evidence that stasis and fluid accumulation may be associated 
with excessive osmotic pressure instead of the mere quantity of solu­
tion forced-fed.
The rate of solids-intake was then reduced to 0.22 gm. per
chick per hour. When the series of molal concentrations were tested
at 0.22 gm. of solids per chick per hour, 2 chicks out of 8 survived
for 72-hours at 1,1 molal and all chicks survived at 0.6 molal. Thus,
livability had been obtained for the first time while forced-feeding a
complete, chemically-characterized liquid diet containing glucose as
the carbohydrate. At this rate, 6 of 7 chicks also survived for 72-
►
hours at 0.29 molal concentration but none survived at 0.14 molal.
Thus, the pattern described previously at solids-intakes of 0.33 gm. 
per chick per hour tended to be repeated but survival times greater 
than the experimental period prevented the plotting of a complete 
curve.
In hopes of corroborating the quantitative relationship 
obtained jreviously at 0.33 gm. of solids-intake per chick per hour, 
a solids-intake midway between 0.22 and 0.33 gm. per chick per hour 
was tested. The resulting curve for 0,2.7 gm. per chick per hour closely 
approximated that obtained at 0.33; survival with 0.27 averaged only 3 
to 5 hours greater than at 0.33 with any given molal concentration.
None of the chicks survived the 72-hour experimental period at this 
solids-intake.
The two complete curves, obtained at 0.27 and 0.33 gm. of 
solids-intake per chick per hour, show a maximum survival time of 30 
and 24 hours, respectively, at 0.35 molal concentration. At this con­
centration, death results from a combination of two previously mentioned 
factors - excessive absolute water-intake and excessive osmotic pres­
sure effects. The water-intakes for these two solids-intakes at 
0.35 molal are shown in Figure 9 to slightly exceed the critical 
water-intake.
As the molal concentration is decreased, water-intake 
must necessarily increase to obtain the desired solids-intake. As 
0.35 molal concentration is approached, water-intake approaches a 
critical value. At all molal concentrations below 0.35> critical 
water-intake is exceeded and survival time progressively decreases.
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At molal concentrations of 0.35 and below, the water-intake 
was calculated and plotted vs. survival time to quantitatively estimate 
critical water-intake. (See Figure 9). Critical water-intake was 
^ 5 . 3  gm. per chick per hour. This value was later substantiated in 
a test with.pure water. (See Figure 10).
Likewise, as.the molal concentration is decreased at a given 
intake of solids, osmotic pressure is decreased. As one approaches 
0.35 molal, osmotic pressure approaches its iso-osmotic value, de­
fined as that dietary osmotic pressure which causes negligible tissue 
water loss and no detrimental effects. At all molal concentrations 
above 0.35* diet solutions become increasingly hyper-osmotic causing 
progressively-greater tissue water loss. All concentration below 
0.35 molal are presumably hypo-osmotic.
Livability was obtained at a solids-intake of 0.22 gm. per 
chick per hour with presumed hyper-osmotic solutions of 0.6 and 1.1 
molal. This may be explained by the fact that chicks were able, at 
this relatively slow intake of hyper-osmotic solution, to utilize 
body water stores and the cyclic mechanism, referred to earlier, to 
survive. Theoretically, water is first moved from non-critical 
tissue reserves such as the skin, adipose tissue and, possibly, the 
skeletal muscles, into the crop and the diet diluted to iso-osmotic 
conditions. Then, following absorption of diet solids, the water is 
resorbed and returned to tissue water reserves where it is again avail­
able for withdrawal (Lepkovsky, et al.. '60). It will be interesting 
to determine, in future work, the relative long-term survival and 
growth-rate of chicks fed presumed hyper-o3motic solutions compared to
presumed iso-osmotic solutions.
It should be pointed out that presumed hypo-osmotic solutions 
were not detrimental unless the critical water-intake was exceeded.
With a solids-intake of 0.22 gm. per chick per hour and a critical 
water-intake of .3 gm. per chick per hour, a 0.29 molal solution 
should be borderline for livability. It may be seen (Appendix Table 
III) that only 1 out of 7 chicks died at this molal concentration, thus 
confirming its borderline nature.
It now appears that within a narrow range of solids-intake 
from 0.27 to 0.22 gm. per chick per hour-, there is a solids-intake 
below which survival can be attained with the liquid diet used in these 
studies. Furthermore, it appears within this intake range, that there 
is a relatively broad range of molal concentrations, from < 1.0 to 
0.29, where livability > 72-hours can be attained. This threshold- 
type phenomenon, with respect to the solids-intake permitting liva­
bility, is undoubtedly related to body water reserves. The chick 
survives as long as the readily-labile, non-critical stores are adequate, 
but when these are inadequate, and dehydration of vital tissues such 
as the heart, blood and brain occurs, death rapidly follows (see Table X).
It should also be remembered that the above relationships 
were established with no ad-libitum water-intake. Unless death 
occurs within a few hours, ad-libitum water may have the effect of 
(l) increasing the upper-limit of molal-concentration which permits 
survival to ,>1.0 with a solids-intake of 0.22 gm. per chick per hour 
or (2) allowing survival with solids-intakes of > 0.22 gm. per hour. 
However, the results of Kopfler ('62) indicate that for ad-libitum
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water to be effective, the chick must survive until the thirst 
mechanism is stimulated and, thereafter, must have the capacity to 
consume enough water ad-libitum to offset dehydration of vital tissues.
Medway and Kare (1959) studied the relationship of water to 
feed intake in the growing chicken from 1 week to 32 weeks of age.
From 1 to 16 weeks, there was a relatively constant proportion of 
2.1 to 2.6 gm. of water consumed per gm. of feed; at 32 weeks, the 
proportion increased to 3*6. With L.S.U. Diet No. 2 forced-fed at 
the presumed iso-osmotic concentration of 0.35 molal (4.87 per cent 
solids), there was 19.5 gm. of water consumed per gm. of solids.
This tremendously-increased proportion of water is undoubtedly related 
to the relatively low-molecular-weight (hence, high osmotic pressure) 
components of the liouid diet compared to the natural diets.
From the standpoint of using the liquid diet and the forced- 
feeding technic, described in this thesis, as a tool in poultry 
nutrition research, it remains to be demonstrated that the diet can 
be administered in sufficient quantities of solids to allow good 
growth over prolonged periods. It should be pointed out that 0.6 and 
0.29 molal concentrations, demonstrated to be successfully fed at a 
solids-intake of 0.22 gm. per chick per hour, contained only 8.0 and 
4.0 per cent solids, respectively. The results with free-amiho-acid, 
dry-type diets, which have been discussed, lead one to suspect that 
best growth will not be attained unless potentially low-osmotic energy 
sources such as starch and fat are employed in the place of glucose. 
This may allow the use of more-concentrated diet solutions as well as 
the intake of a greater quantity of solids. Although forced-feeding
continuously over a 24-hour period may offset the osmotic pressure 
effects of glucose, this needs to be shown experimentally. The pos­
sibility exists that osmotic pressure can be decreased and the 
chemically-defined nature of the diet retained, by either substituting 
(l) maltose and/or fatty acid esters for glucose or (2) synthetic 
peptides for amino acids. The latter possibility also presents a 
feasible approach to investigate the long-standing controversy con­
cerning the nutritional value of amino acids vs. peptides. The 
addition of fatty acid may be necessary if Rose's ('54) observations, 
that high energy is needed with free-amino-acid diets, holds true 
regardless of dietary osmotic effects.
SUMMARY
A system was developed for the continuous, controlled 
forced-feeding of liquid diets to day-old chicks. It consisted 
of (l) connecting a flask containing the diet to the chick by 
means of a small-bore plastic tubing inserted directly through 
the skin into the chick's crop and sutured firmly in place, fol­
lowed by (2) the continuous, controlled pumping of a sterile 
diet through the tube with a variable-speed peristaltic pump.
This system was used to investigate the effects in the 
chick of a chemically-characterized, liquid diet which had suc­
cessfully promoted growth and reproduction in rats when fed ad- 
libitum. This diet contained 50 per cent solids and, when forced- 
fed to the chicks at the rate of 1 gm. of solution or 0.5 gm. of 
solids per hour, it caused 100 per cent mortality within 3 to 5 
hours. The symptoms were lethargy, accumulation of fluid in the 
digestive tract, emaciation, excessive water excretion, dehydration 
as evidenced by a shriveled appearance of the legs and feet, and 
excessive thirst.
Modifications of the amino acid, vitamin and mineral compo­
nents - to levels which the literature suggested as adequate in chicks 
fed ad-libitum on dry-type, free-amino-acid diets - neither appre­
ciably improved survival nor altered observed symptoms. Two incom­
plete factorial experiments showed that the glucose component fed
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alone, with vitamins, or vitamins and minerals, caused 100 per cent 
mortality; whereas the amino acid component fed alone, with vitamins, 
or vitamins and minerals, caused no immediate lethal effects.
When fed at the same percentage concentration as glucose, 
starch had no lethal effect, and a partial-hydrolysate of starch had 
an intermediate lethal effect. These results, and the symptoms as­
sociated with death, led to the hypothesis that dehydration, caused 
by hyper-osmotic pressures in the gut, is the primary factor responsi­
ble for the lethal nature of the glucose component and of the diet.
When a plan of holding absolute solids-intake constant while 
varying molal concentration - hence, varying osmotic pressure and 
fluid volume - was followed, survival was found to be related to 
(l) the molal concentration of solids, (2) the absolute quantity 
of solids administered, and (3) the absolute volume of water ingested 
per hour.
A solids component thought to have the best available nutrient 
balance was dissolved in water and forced-fed continuously in a molal 
concentration range of 0.14 (2 per cent solids) to 3*5 (33 per cent 
solids). Constant solids-intakes of 0.22, 0.27 and 0.33 gm. per 
chick per hour were employed with an experimental period of 72 hours.
No ad-libitum water was allowed. With solids-intakes of 0.33 and 
0,27 gm. per chick per hour, none of the chicks survived the 72-hour 
experimental period, regardless of molal concentration. However, 
there was a definite molal concentration of 0.35 (4.9 per cent solids) 
where maximum survival times of 24 and 30 hours with solids-intakes 
of 0.33 and 0.27 gm., respectively, were obtained. It is thought that
0.35 molal concentration, where maximum survival occurs, represents ■ 
the condition where (l) dietary osmotic pressure appro.aches toler­
able osmotic conditions with respect to body fluids of the chick, 
and (2) absolute water-intake approaches a non-lethal value 
( ^ 5 . 3  gm. per hour). Death is due to a lethal combination of both 
factors. As one goes to molal concentrations above 0.35, the diet 
becomes increasingly hyper-osmotic and survival time decreases to 
a minimum value with dehydration as the cause of deathj conversely, 
as one goes to molal concentrations below 0.35, absolute water- 
intakes become too great, survival time drops precipitously, and tissue 
solute depletion becomes the cause of death.
With a solids-intake of 0.22 gm. per chick per hour, it was 
possible to obtain livability for >72 hours at 0.60 (8 per cent 
solids) and 0.29 (4 per cent solids) molal concentrations and, 
presumably, any concentration within this range. Above and below 
this range, mortality was obtained for the same reasons as described 
above for 0.27 and 0.33 gm.
Assuming that survival of 72 hours indicates no ultimate 
lethal effects of osmotic pressure or critical water-intake, it is 
possible for birds, with 0.22 gm. solids-intake, to survive outside 
the narrow limits around 0.35 molal provided adaptive mechanisms car 
be brought into action. Body water reserves probably represent the 
mechanism which allows survival at the presumed hyper-osmotic concen­
tration of 0.60 molal. The relatively slow rate of solids-intake 
enables the bird to utilize a cyclic mechanism involving (l) deple­
tion of labile, non-critical body water reserves in the skin,
adipose tissue and skeletal muscles, (2) accumulation of this 
water in the digestive tract, probably the crop, to dilute dietary 
solids to the physiologically desired concentration followed by;
(3) a repletion of body v/ater reserves when diet solids are ab­
sorbed and utilized. A second mechanism is invoked at 0.29 molal 
where absolute water-intake was exactly 5.3 gm. per chick per hour, 
borderline with respect to the critical water-intake. Almost total 
survival was possible because of the ability of the ingested dietary 
solutes and the solutes reabsorbed by the kidney tubules to replenish 
tissue losses during the experimental period. Sodium-ion, but not 
potassium-ion, appears to be one of the solutes involved as its con­
centration in heart and skeletal muscle was shown to be depleted at 
water-intakes greater than the presumed critical water volume.
This research indicates that livability can be obtained in 
day-old chicks forced-fed chemically-characterized liquid diets 
provided (l) dietary osmotic pressure does not cause tissue water 
loss exceeding the.labile, non-critical water reserves, and 
(?) the absolute water-intake does not produce urinary solute losses 
greater than can be replenished by dietary solutes. It also suggests 
that an unrecognized difficulty with dry, chemically-characterized 
diets fed ad-libitum is their potentially high osmotic pressure 
which leads to water accumulation in the digestive tract and results 
in decreased feed intake.
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APPENDIX
APPENDIX TABLE 1
INDIVIDUAL SURVIVAL TIMES OF CHICKS FORCED-FED L.S.U. DIET NO. 2 AT THE CONSTANT RATE OF




















% gm./hr. gm./hr. hours hours
3.5 33.3 1.0 0.66 11 3.0,4.0,4.2(2),4.5(4),5.0,5.5,6.0 4.5
2.3 25.0 1.3 1.0 8 3.0,3.15(2),3.65(2),5.0(3) 4.0
1.4 16.7 2.0 1.66 4 3.2,3.65(3) 3.5
1.0 12.5 2.7 2.34 4 4.0(2),5.0(2) 4.5
0.87 10.0 3.3 2.97 5 5.73,5.95,6.63,8.60(2) 7.1
0.60 8.0 4.2 3.87 7 6.0,7.1,7.3,7.6,7.7,8.6,9.5 7.7
0.44 6.0 5.6 5.27 7 9.3,9.6,17.1(2),19.1,22.1,26.5 17.2
0.35 4.9 6.8 6.50 8 19.3,21.5,21.6,24.1(2),26,29.1,36.5 25.3
0.28 4.0 8.3 7.92 7 14.9(2),15.7,17.3(3),20.7 16.9
0.14 2.0 16.7 16.37 5 1.3(2),1.7,2.7(2) 1.9
^Parentheses indicate number of chicks when greater than 1.
APPENDIX TABLE II
INDIVIDUAL SURVIVAL TIMES OF CHICKS FORCED-FED L.S.U. DIET NO. 2 AT THE CONSTANT





















% gm./hr. gm./hr. hours hours
1.8 20.9 1.3 1.05 8 6.1(3), 6.2,8.9(2),11(2) 8.0
1.0 12.9 2.2 1.88 8 . 2,7.1,9.7(2),12.9,14.4,16.4,19.4 11.5
0.6 8.0 3.4 3.16 7 10.4(2),11,12.2,13.9,21.8,25.4 15.0
0.4 5.5 5.0 4.73 8 16.8,24.0(2),25.8,26.7,2?.6, 30.0,52.6 28.5
0.27 3.7 7.4 7.13 8 12.7,19.9,20.4,21.6,22.2,22.7, 
24.3,29.8 21.7
0.21 3.0 9.3 8.99 8 2.7,3.4,14.2,15.6,17.6,18.1,
21.0,31.3 15.5




INDIVIDUAL SURVIVAL TIMES OF CHICKS FORCED-FED L.S.U. DIET NO. 2 AT THE CONSTANT





















% gm./hr. gm./hr. hours hours
3.4 32.9 0.67 0.45 7 8.3,9.4,11.1,12.5(3),15.6 11.7
2.2 24.0 0.93 0.71 7 9.1(2),919,13.7(2),18.3,19.7 13.4
1.7 20.0 1.1 0.88 10 8.0,11.4,12.0,15.0,16.1,18.5 
19.9,22.6(2),33.0 17.9
1.5 18.2 1.2 0.98 11 10.2,10.89,13.9,14.7,15.9,16.8,
20.2,21.5,29.7,72,72 27.1
1.1 14.2 1.6 1.33 8 32.0(2),34.9,41.1,41.2,39.0, 
72,72 45.5
0.60 8.0 2.8 2.56 8 72(8) 72
0.29 4.0 5.5 5.28 7 72(6), 34.7 66.6
0.14 2.0 11.0 10.8 7 1.6(2),2.3(3),4.2(2) 2.7
^Parentheses indicate number of chicks when greater than 1.
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